ABSTRACT. The dynamics of the bird community in a small forest fragment was evaluated along seven years in relation to changes in the surrounding landscape. The study area is an Araucaria forest fragment in Southern Brazil (state of Paraná). The sampling period covered the years 1988 through 1994 and the mark-release-recapture method was utilized. The landscape analysis was based on Landsat TM images, and changes in exotic tree plantations, native forest, open areas (agriculture, pasture, bare soil, and abandoned field), and "capoeira"(native vegetation ≤ 2 m) were quantified. The relationship between landscape changes and changes in abundance diversity of forest birds, open-area birds, forest-edge birds, and bamboo specialists was evaluated. Richness estimates were run for each year studied. The richness recorded in the study area comprised 96 species. The richness estimates were 114, 118 and 110 species for Chao 1, Jackknife 1 and Bootstrap, respectively. The bird community varied in species richness, abundance and diversity from year to year. As for species diversity, 1991, 1993 and 1994 were significantly different from the other years. Changes in the landscape contributed to the increase in abundance and richness for the groups of forest, open-area and bamboo-specialist species. An important factor discussed was the effect of the flowering of "taquara" (Poaceae), which contributed significantly to increasing richness of bamboo seed eaters, mainly in 1992 and 1993. In general, the results showed that landscape changes affected the dynamics and structure of the bird community of this forest fragment over time, and proved to have an important role in conservation of the avian community in areas of intensive forestry and agricultural activities.
The Southeastern region of the state of Paraná, on the western flank of the Serra do Mar, has undergone extensive environmental changes resulting from the development of cities in the Curitiba Metropolitan Area and land use along the plains where the city of Tijucas do Sul is located. Formerly a poor region with lowvalued land, it had tobacco as the main cash crop. In recent decades, small farms were purchased by a forestry company, which started planting exotic trees such as Pinus sp. in large scale. However, isolated fragments of Araucaria Forest remain in the landscape. Today this region has become a mosaic of diverse, highly fragmented phytophysiognomy, characterized by high spatial heterogeneity. According to Lobo (2003 Lobo ( ), between 1985 Lobo ( and 1995 ,000 hectares of the Araucaria forest were deforested in Paraná. This phytophysiognomy of Atlantic Forest is severely threatened with extinction, and knowledge of the function of these fragments for bird communities is an important conservation tool.
In Brazil, two general approaches are used to study birds in vegetation fragments: (1) local, considering isolated areas of native forests (Stratford & Stouffer, 1999; Marini, 2001; MaLdonado-CoeLho & Marini, 2004) ; and (2) landscapes, analyzing the dynamics among landscape components (anjoS & boçon, 1999; anjoS, 2001 , 2007 ribeiro et al., 2009; Metzger et al., 2009) . Both approaches are used to gather knowledge to support efforts to protect native species. Most studies of bird communities in fragments are spread over different biomes, lack long-term analyses of population dynamics, and are still scarce in view of the enormous Brazilian biodiversity. Studies carried out in fragments of the Amazon Forest in the 1980s and the 1990s have shown that some organisms, mainly birds, have suffered serious population impacts that drove many species to local extinction (Stratford & Stouffer, 1999; brookS et al., 1999) , mainly due to low rates of colonization and permanence of birds in the fragments, because of both the intrinsic characteristics of the species and the support capacity of the fragments (bierregaard jr. et al., 1992) .
The size, level of isolation, shape, and neighboring landscape of a fragment all directly affect its bird community (turner, 1996; brookS et al., 1999; LaurenCe & VaSConCeLoS, 2009) . Small isolated fragments will probably support low bird diversity. For instance, mixed flocks of understory species have difficulty in moving between native-forest fragments, some species being even unable to cross distances < 100 m (bierregaard jr. & LoVejoy, 1989) . Therefore, the diversity of the bird community in fragments will be balanced by the capacity of each species to move away from a hostile environment (Moore et al., 2008) . Some species have a higher capacity for dispersal than others (johnSon & gaineS, 1990; WienS, 1994) . However, even a single dispersal event between fragments can significantly improve the conservation status of a fragmented population. Therefore, small isolated fragments with secondary vegetation can play a key role in the dispersal process, serving as sleeping, resting and feeding areas (opdaM, 1991; haaS, 1995) .
In the dynamics of birds versus fragments, some events are unfavorable, such as invasion by opportunistic species or open-area species (LauranCe et al., 2004) . In such cases, the diversity in fragments may, over time, be eroded and their communities come to be dominated by a few species (LauranCe et al., 2002) . In this way, fragments may show a temporal dynamics of species abundance and richness. Understanding this temporal dynamics and determining the real conservation value of small, isolated fragments require long-term research. The effects of fragmentation processes on Brazilian tropical bird communities have been well documented. Data concerns mainly immediate consequences (bierregaard jr. & LoVejoy, 1989; bierregaard jr. & Stouffer, 1997; brookS et al., 1999; Stratford & Stouffer, 1999) or are assessments of the communities of old fragments after years of isolation (anjoS, 2001; ribon et al., 2003; pozza & pireS, 2003; donateLLi et al., 2007) . Long-term surveys of the Brazilian avifauna are still relatively scarce.
The present study recorded the qualitative and quantitative changes in the bird community of an Araucaria Forest fragment and the surrounding landscape over a seven-year period. Our purpose was to determine the long-term variations in the bird community of a small forest fragment according to changes in the matrix where it is embedded.
MATERIAL AND METHODS
Study area. This study was carried out in the county of Tijucas do Sul, in Southeastern Paraná (25°57'80"S, 49°13'55"W; 935 m a.s.l.) and approximately 70 km South of the capital city, Curitiba (Fig. 1) . The climate is subtropical, mesothermal, and humid (Cfb) with heavy frosts and mild summers (iapar, 1978) . Annual precipitation is 1400 mm (ferreira, 1999) . The region is situated within the domain of the Araucaria Forest (VeLoSo et al., 1991) . Most of the primary vegetation has been altered and removed as a result of farming and forest management practices.
The sampling area, the fragment (approximately 15 ha) and its surroundings, covers approximately 20 ha. The vegetation is classified as Araucaria Forest. LiebSCh & aCra (2004) found 89 plant species belonging to 54 genera of 32 families in another forest fragment less than 20 km from the study area. The main families of plants in the early successional "capoeira" vegetation of the fragment are Solanaceae (15 species), Asteraceae (14 species), and Melastomataceae (13 species). The fragment is surrounded by plantations of Pinus elliotti and Eucalyptus sp. that are over 15 years old. The understory in the reforested areas was preserved. A side road, along which the mist nets were installed, goes through the study area for about 300 m. One border of the study area is a shallow pond of approximately 0.5 ha, which contains a small island covered by secondgrowth "capoeira" (native vegetation ≤ 2 m of height). The entire study site is in a rural setting, with tobacco, grain, and root-vegetable crops mixed with native forest fragments and plantations of exotic trees.
Procedures. The sampling period covered the years 1988 through 1994, and 42 two-day-long sampling programs were performed bimonthly. The mark-releaserecapture method was used; and as for marking, it was made with rings provided by the Centro Nacional de Pesquisa e Conservação de Aves Silvestres -CEMAVE. Twenty mist nets were used (12 x 2.5 m, 38 mm mesh) at two sampling sites: one was located at the confluence of different vegetation types inside the fragment, and the other on the border (200 m) of the fragment and croplands when covered with "capoeira" vegetation and remains of crops. The nets were placed approximately 400 m apart in pairs or on trails opened in each sampling. The nets were opened at dawn, checked every 20 minutes, and closed at dusk. The sampling months varied from year to year, but in each year samples were taken at least four times, twice in the winter and twice in the summer (Tab. I). Analyses were based on total annual capture data, and recaptures were disregarded. Capture data was used to calculate species richness (Mao Tau), abundance of individuals (N) per species (for both species and family), Shannon-Wiener (H'), Simpson (D), Evenness (e H/S ), and Equitability (J) indices. Richness data were used to generate the estimates for each year. For this purpose, Chao 1, Jackknife 1 and Bootstrap were run with the Estimates v. 8.2 application tool (CoLWeLL, 2009) . In order to compare the community structure over time, the distribution of species according to the abundance rank recorded in each year was tabulated.
In order to compare among annual abundances, one-way ANOVA (F) was used, with a significance level of p< 0.05. Species diversity was compared among the years, and, for this purpose, a modified t-Test was used to compare diversities. The species were classified in four groups according to their preferential habitat: open area, bamboo specialist, edge and forest. To evaluate the relationship between the four groups and the species richness and the total abundance during the years, linear and nonlinear regressions were run. The numbers of adult and young individuals captured during the time period were log-transformed. The species list and nomenclature used here are according to the Brazilian Ornithological Records Committee (2011) .
Landscape analysis. We classified land cover using Landsat Thematic Mapper data (30-m pixels, based primarily on bands 3, 4 and 5) for 1989, 1991, 1992, 1993, and 1994 (1990 data were generated by averaging the data from 1989 and 1991) available in the image archives of the Instituto Nacional de Pesquisas Espaciais -INPE/ATUS. The images were segmented and classified with the use of SPRING v. 7 (CaMara et al., 1996) . Land-cover classes were water, forest, tree plantation (Pinus elliottii and Eucalyptus sp.), open area (agriculture, pasture, bare soil, and abandoned field), and "capoeira" (native vegetation ≤ 2m). A circular area of 278 ha, where the study area is a central point, was selected.
Bird community and landscape changes. We selected four groups of birds according to preferential habitat use, including open-area (species that inhabit agriculture areas, pasture, and abandoned field), forest (species that inhabit areas with secondary or pioneer native forest including the forest floor, herb layer, shrub layer, understory, canopy, and emergents), bamboo (species that feed on bamboo seeds or insects associate with bamboo; areta et al., 2009), and edge species (species that are not sensitive to forest border; rieS & SiSk, 2010). Total abundance of all species belonging to different kinds of habitat was used to find correlations with landscape classes. Linear and non-linear regressions were used to analyze the change in abundance over time. Therefore, Pearson's correlation was used to determine the behavior of the groups and changes in land use for the years from 1989 to 1993 (data from 1994 was removed from the analysis) during the study period.
RESULTS
A total of 96 bird species were recorded in the study area (Appendix I) from 1,948 individuals captured during seven years with 20,160 hours/mist-nets of capture effort. The richness values were 114, 118 and 110 species as estimated by Chao 1, Jackknife 1 and Bootstrap, respectively (Fig. 2) .
The bird community varied in species richness, abundance, and diversity (Tab. I) during the study period. Abundance was highest in 1993 and lowest in 1994. The diversity index was highest in 1991 and lowest in 1994. The low values for all indices in 1994 can be explained by the low sampling effort during that year. Species diversity differed among the years, and 1991, 1993 and 1994 were significantly different from the other years. The first three years of the study were quite homogeneous and, consequently, statistically similar (Tab. II). Figure 3 shows the curve of species ranks according to the abundances recorded. Differences among species distribution curves according to abundance were significant (F= 3.29; p= 0.003); a posttest indicated that only 1988 (t= 3.91; p< 0.05) and 1989 (t= 3.13; p< 0.05) differed significantly from 1993.
Fifteen families were recorded altogether, and the highest species richness was observed in 1991 (N=61) and 1992 (N=68). The family Tyrannidae was represented by the most species (mean= 15±5) in all years, followed by Emberizidae (mean= 6.3±1) and Furnariidae (mean= 6±3.5). Emberizidae and Tyrannidae had the highest number of individuals in 1992 and 1993, contributing substantially to the overall abundance in this period.
Species that showed the greatest change in abundance in 1992 and 1993 were Poospiza cabanisi, Haplospiza unicolor, Lathrotriccus euleri, Zonotrichia capensis, Lepidocolaptes falcinellus and Columbina talpacoti. Interestingly, the abundance of P. cabanisi and H. unicolor was associated with the flowering of large bamboo ("taquara"; Poaceae, Chusquea sp.) during this period. This reflects the abundance of species in the open-area and bamboo-specialist groups (Fig. 4 A and  B ; left column), which showed a logarithmic increase from 1992. The abundance of the edge and forest groups increased linearly (Fig. 4 C and D; left column) . The gain in species was greater for species of open areas and bamboo specialists (Fig. 4 A and B; right column) . The gain in species was not significant for the edge and forest species (Fig. 4 C and D; right column) .
The abundance of adults captured did not differ during the study period. Therefore, the abundance of young individuals changed. The abundance of young individuals captured was lowest in 1990 and highest in 1993 (Fig. 5) .
The results of the landscape analysis showed a dynamic change (Tab. III) over time in the classes of land use. The forest area increased mainly between 1992 and 1993 (Fig. 6 ). This change resulted from the cutting of trees (Pinus elliottii and Eucalyptus sp.), and a consequent decrease in forested areas and increase in open and "capoeira" areas. The forest, open-area, and bamboospecialist species were positively and significantly correlated with the changes in the forest and "capoeira" cover. The tree plantations were negatively correlated with all groups of birds, but not significantly (Tab. IV).
DISCUSSION
Considering the period of time assessed, the study area showed a high species richness for the capture method. This level of richness was unexpected for this fragment, which is isolated from other, larger areas of However, the richness values for each of the years were lower than the richness obtained for the entire period, with a total mean diversity of 40.5 species, i.e., less than half of the total 96 species observed in the seven-year period. The relatively high number of species found in the study area is a result of the large flux of individuals that were captured in one or two years, although in low abundance (n=32). Many of these species either belong to open environments or use the forest as a refuge for feeding and reproduction. Some of them are locally rare and endemic to the Atlantic Rain Forest, and were carrying out dispersal movements, such as, for example, Piculus aurulentus, Xiphocolaptes albicollis, Pachyramphus viridis and Muscipipra vetula.
anjoS & boçon (1999) studied 11 small fragments (0.4-40 ha) located in the central upland of the state of Paraná, and over a five-month period recorded about 60 species in two fragments, each of 10 ha. In another fragment with an area of 840 ha, anjoS & boçon (1999) observed 102 species, a number similar to that observed in our seven-year study. Therefore, changes in richness over the years may be associated with different functions performed by the mosaic of environments. In other words, the mosaic may function as a stepping-stone for many visiting species, a shelter for reproduction, a refuge from predators, and a source of food for other species.
Long-term studies in fragmented areas may provide information on the stability of communities and the species turnover rate. A project that assessed the effects of fragmentation in the Amazon region is among the few that have provided important long-term information. In this study by Stouffer et al. (2011) , an analysis carried out before isolation and 25 years after isolation showed that the colonization and extinction rates defined the dynamics of the bird community in the fragments. Also, the results showed that the extinction rate in 100-ha fragments was between 10 and 15%. Interestingly, the species richness apparently remained the same before and after a long period of isolation. The authors explained this result in light of Tab. III. Size of the area (ha) occupied according to land-use class, in each year of the study. Tab. IV. Correlations between size of area per year and total abundance of habitat-specialist species (*, significant to p<0.05; ns, not significant). the high colonization rate observed in these isolated fragments. The results of the present study coincide with the results obtained in the fragments of the Amazon region, as evidenced by the low variation of species richness over the period of time assessed. However, many species were recorded only once and in different years and/or seasons, resulting in a high species turnover rate. Abundance and richness values were similar from 1988 to 1993; however, the fewest individuals were recorded in 1994, which may be an effect of a lower sampling effort during that year. Results obtained for the Shannon-Wiener and Simpson indexes showed peak diversity in 1991, coincidentally halfway through the sampling period. This result can be explained by the cutting of the eucalyptus trees, which improved conditions for the understory plants; and when the crop fields were abandoned, new "capoeiras" were developed, which were attractive for many bird species, including Elaenia sp., Volatinia jacarina, Zonotrichia capensis and Columbina talpacoti. This contrasts with the data for 1992 and 1993, which showed an increase in the abundance of some species that was directly related to the flowering of "taquara", such as Poospiza cabanisi, Haplospiza unicolor and Pyrrhocoma ruficeps. Specifically for the Furnariidae, in 1992, 10 species were recorded in this study area, an impressive richness level compared to the study by fáVaro et al. (2006) , who recorded 14 species in an area of about 24,000 km 2 in the same kind of habitat. In both studies, the understory species were most abundant, including Synallaxis ruficapilla, S. cinerascens and Syndactyla rufosuperciliata. Generally, species of Synallaxis are associated with the presence of "taquara" in many other secondary habitats (WiLLiS & SChuChMann, 1993; reMSen, 2003; fáVaro et al., 2006) .
Habitat of bird species
Additionally, in 1993 the families Emberizidae and Tyrannidae showed the greatest increase in abundant species in the mosaic, which confirms the nomadic behavior of some species that continuously move between environments in search of resources. The most diverse families included some omnivorous, granivorous and insectivorous species that can live in edges, such as Elaenia spp., Camptostoma obsoletum, Vireo olivaceus and Synallaxis ruficapilla. parker et al. (1997) studied several extensive bamboo stands in Northern Brazil, where they found about 10 species of bamboo specialists. The bamboo species of the Poaceae family had primarily inhabited the Atlantic Forest, where most of the species occur in gaps and disturbed areas (judzieWiCz et al., 1999) . Therefore, the rise in disturbed fragments that are colonized by bamboo increases the probability of occurrence of bamboo specialists. Santana & anjoS (2010) studied the effect of bamboo species (Chusquea sp.) and observed that richness and abundance increased significantly in areas dominated by bamboo and the most common species were Drymophila rubricollis, Conopophaga lineata, Hylopezus nattereri, Synallaxis cinerascens, and Hemitriccus diops. Many other investigators have recorded associations between these species and the presence of bamboo in the forest (LeMe, 2001; fitzpatriCk, 2004; VoLpato et al., 2006; areta et al., 2009) . Bamboo specialists were estimated to comprise 5% of the bird community in the Paraná region (anjoS et al., 2007) .
In conclusion, this study contributed to understanding the dynamics of small, isolated forest fragments and their surroundings in the domains of the Atlantic Rain Forest. The results showed that small fragments can serve as a shelter for reproduction, a refuge, a source of food, and help in the connection between fragments. Our results also show the importance of conservation of these areas and their contribution to maintaining diversity among populations of many species and avoiding local extinction because they could survive in a fragmented landscape. Bird community in an Araucaria forest fragment in relation to changes... Appendix I. List of families and species of birds captured in the Araucaria Forest fragment in the County of Tijucas do Sul, state of Paraná, from 1988 through 1994 , according CBRO (2011 . Species were classified according to preferential habitat used (hu), as: OA, open-area species; Fr, forest species; Ed, edge species; Bb, bamboo specialists. hu 1988 1989 1990 1991 1992 1993 
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